parameter used in the determination of the aerosol extinction and subsequently the optical depth from lidar backscatter measurements. We outline the algorithm used to determine S a for the Cloud and Aerosol Lidar and Infrared imager Pathfinder Spaceborne Observations (CALIPSO) lidar. S a of the CALIPSO lidar will either be selected from a look-up table or calculated using the lidar measurements depending on the characteristics of aerosol layer. When lofted layers are encountered, S a is computed directly from the integrated backscatter and transmittance. In all other cases, the CALIPSO observables: the depolarization ratio δ δ δ δ, the layer integrated attenuated backscatter γ γ γ γ', and the mean layer total attenuated color ratio χ χ χ χ, together with the surface type, are used to aid in aerosol typing. Once the type is identified, a look-up-table developed primarily from worldwide observations, is used to determine the S a value. For aerosols in non-polar regions, CALIPSO aerosol models include desert dust, biomass burning, background, polluted continental, polluted dust, and marine aerosols. The polar aerosols are classified into three groups: arctic, polluted arctic, and antarctic aerosols.
INTRODUCTION
S a is an intensive aerosol property, i.e., a property that does not depend on the number density of the aerosol but rather on such physical and chemical properties as size distribution, shape and composition. These properties depend primarily on the source of the aerosol and such factors as mixing, transport, and in the case of hygroscopic aerosols, hydration. The accuracy of the S a value used in the lidar inversions is dependent in part, on the correct identification of the type of aerosol. It is possible to model both the extinction and backscatter of aerosols if the composition, size distribution, and shape of the particles are known. An important consideration is the minimum number of aerosol types most frequently encountered on Earth. Several groups and studies [1] [2] [3] have defined different numbers of global aerosol types using different methods to determine the classification. This work introduces an approach of using a large data set of observations and retrievals of aerosol optical and physical properties spanning several years. This data set is from the AErosol RObotic NETwork (AERONET [4] ). A clustering technique is then applied to the data set consisting of more than 140K cloud-screened and quality-assured records. The number of groups realized by this approach constitutes the minimum number of types of aerosol based on measurements and statistical analyses, and is therefore a judicious way of quantifying the minimum number of aerosol types. Another advantage of employing this technique is that it yields the minimum number of types along with mean optical and microphysical properties of each group. In addition to the clustering analyses, the CALIPSO aerosol typing will utilize observation data (both climatological and field campaigns), knowledge of emission sources, and CALIPSO aerosol measurements such as depolarization ratio and the ratio of the backscatter coefficients at 1064 nm and 532 nm, referred to as the color ratio to identify aerosol type. The strategy is to identify aerosol type and use a look-up-table (LUT) to assign an extinction-to-backscatter ratio to the aerosol layer.
II.
LEVEL II EXTINCTION PRODUCTS CALIPSO will produce three level II aerosol extinction products depending on the choice of the aerosol extinction-to-backscatter ratio: Approximate extinction product This product will be derived from a fixed extinction-tobackscatter ratio (S a = 35 sr). This value is chosen because it corresponds to S a of the clean rural or background aerosol. AERONET analyses described below show that clean background aerosol is a frequently encountered aerosol type in the atmosphere. In addition, experience with LITE measurements shows that this value is not likely to cause the failure of the extinction calculation. This will be used to develop an estimated or approximate extinction product.
GLAS-like extinction product
A second product will unify the values used by CALIPSO and GLAS by employing similar S a 's for a number of aerosol types, such that similar aerosol types use the same S a value to calculate the extinction products. These will be season-and location-based and will provide a way of comparing the two measurements.
CALIPSO extinction product
The third extinction product is derived from S a based on the best estimate developed using CALIPSO measurements and the most up-to-date field observations. This paper discusses methods of making this estimate and proposes an algorithm to achieve this. 
Computing S a for lofted aerosol layers
The transmittance method requires clear air above and below the layer so that the transmittance through the layer can be determined. Figure 1 is an example of an aerosol layer lofted above a clear air region at 1km. The transmittance method uses the following equation describing the relationship between optical depth and integrated attenuated backscatter:
Here γ′ is the integrated (from layer base to top) attenuated backscatter,
τ is optical depth, η is a multiple scattering parameter. The quantities γ', and τ describe characteristics of a feature, i.e., they are associated with the backscatter and/or extinction of particles only. Note that the effective two-way transmittance is T 2 = exp(-2ητ). If we define an effective S a , S* = ηS a , we can rewrite Eq.
(1) as follows:
The effective two-way transmittance is typically obtained by fitting the return both above and below a feature to a reference profile [5] .
III. S a SELECTION FROM LOOK-UP-TABLES
The S a selection algorithm is a two-part process. The first part identifies the aerosol type as unambiguously as possible using all relevant inputs such as the surface type, altitude, integrated attenuated backscatter, depolarization ratio, and color ratio. The second part is a selection scheme which chooses the appropriate S a from a LUT. The aerosol type is identified by using the flowchart in Figure 2 which uses location, surface type, depolarization ratio, and mean attenuated backscatter coefficient measurements to identify the type following one of fourteen pathways. Note that the mean attenuated backscatter coefficient / z ′ ′ = where z is the layer thickness. Studies are underway to identify the most effective ways the color ratio can be used to aid the aerosol typing. The flowchart in Fig. 2 is therefore a preliminary selection scheme. The depolarization ratio is used to identify aerosol types that have a substantial mass fraction of non-spherical particles, e.g., a mixture of smoke and dust in pathways 2 and 3 . ′ is used to discern instances of transient high aerosol loading over surfaces where this is not usually expected, e.g., a smoke or dust layer over the ocean, pathways 10 and 11. For aerosols in polar regions, the algorithm takes into consideration the high aerosol loading events caused by Arctic haze. Once the type is identified, S a is chosen from a LUT that currently consists of six pairs of 532 nm and 1064 nm values, shown in green and red respectively in Fig.  2 . Using Aeronet data to determine aerosol categories Aerosol type is highly variable on time scales as short as a few hours [6] . Aerosol optical measurements must therefore be made at short time scales (about 30 minutes) to develop a large data base which can be used to derive statistically significant correlations and from which type-specific characteristics can be deduced. The AERONET measurements are likely to provide such a data base albeit for column rather than verticallyresolved measurements. Cluster analysis is a statistical tool used for grouping large data sets into several categories using predefined variables [7] . In this study, cluster analysis by partitioning is used to categorize the AERONET data set based on several optical and physical characteristics of the aerosol. Since the clustering algorithm requires a fixed number of clusters a priori, this number is determined by using successively higher numbers of clusters until no new significant clusters are formed. The data clusters formed in this way group all records that have statistically significant similarities in one category. At each iteration, each record is assigned to the cluster whose center is "closest" (using a Euclidean distance metric) to the record. When all records have been assigned to individual clusters, new cluster centers are determined by averaging the variables in each cluster. The process is repeated with the new cluster centers until the relative error between the centers of new and old clusters is less than a prescribed value. In this study the criterion for stopping the iteration is set as 0.1%. Convergence is achieved within 25 iterations for the various initial conditions. . The categorization relies on telltale properties such as the fine and coarse fractions, particle size, optical depth, geographic location and in some cases seasonal variation, and therefore requires additional validation using long term observations. Figure 3 (a)-(f) show the physical and chemical properties of the CALIPSO aerosol models and the corresponding S a values at 532 nm (green) and 1064 nm (red). The AERONET cluster analysis yielded six distinct types of aerosol. Only three of these clusters (desert dust, biomass burning, polluted continental, Fig.  2a , b, and d, respectively) were used to characterize the CALIPSO aerosol models. The CALIPSO model of background and marine aerosols are not derived from the AERONET measurements. The AERONET records of the background cluster had low mean optical depths (< 0.05 at 673 nm). The microphysical properties derived from these are likely to have large uncertainties [8] . The CALIPSO background aerosol model (Fig. 2c) was derived by fitting size distributions and refractive indices to measurements of S a of long-range continental transport [9] . Note that the S a values for this aerosol type are used to generate the approximate extinction product described in section II above. The AERONET marine aerosol cluster is comprised of a small number of records (< 4% of the total). The CALIPSO marine aerosol model (Fig.  2f) is derived from the parameters measured during the SEAS experiment [10] . The CALIPSO polluted dust is a mixture of the AERONET desert dust and biomass burning clusters (Fig 3e) . 
IV. CONCLUSION
A global data set, AERONET, has been used to identify main clusters of aerosol types and to determine microphysical properties of aerosol groups. This characterization is augmented by measurements where the uncertainty in the AERONET retrievals is expected to be high. Rigorous studies to determine the threshold values of δ, ′ , and χ to be used in the typing scheme are being developed by the scene classification group at NASA Langley Research Center. Measurements of δ, ′ , and χ from previous campaigns will be used for these studies. The continued growth of the AERONET data base is likely to improve and reduce the uncertainty in the classification. The effects of non-sphericity on the cluster analysis are unknown but not negligible. These need to be addressed in future studies. The above algorithm will evolve with new measurements and, upon launch the CALIPSO data will significantly enhance the available data base of δ, ′ , and χ. Such data sets will be used to further refine the probability distribution functions and threshold values of δ, ′ , and χ used in the algorithms.
